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[DOCUMENT NAME] Specification 

[TITLE OF THE INVENTION] METAL HALIDE LAMP AND VEHICLE 
HEADLAMP 
[SCOPE OF CLAIMES] 
5 [CLAIM 1] A metal halide lamp comprising a pair of opposite electrodes which project 
into a discharge space inside an arc tube, said discharge space including no mercury, the 
metal halide lamp generating an approximately cylindrical- shaped arc between ends of 
said pair of electrodes, characterized in that said discharge space contains a buffer gas 
serving as a starter gas which includes xenon at pressure of 7 to 20 atms at room 
1 0 temperature, a sodium halide and a scandium halide or a halide compound of said 

sodium halide and said scandium halide, and a low melting point metal halide with a 
melting point equal to or less than 400°C. 

[CLAIM 2] The metal halide lamp according to claim 1, characterized in that an internal 
diameter of said arc tube between said ends of the electrodes is larger than a diameter of 

15 said arc within a range from 0.6 mm to 1.7 nun, and a protrusion length of said 
electrodes into said discharge space is between 1.0 mm and 1.7 mm. 
[CLAIM 3] The metal halide lamp according to claim 2, characterized in that a tube 
axis of said arc tube is disposed in an approximately horizontal manner, and a coldest 
part of said arc tube is positioned in the middle of a lower portion of said arc tube, and a 

2 0 temperature of said coldest part is equal to or more than 400°C in foxir seconds after a 
start of discharge. 

[CLAIM 4] The metal halide lamp according to claim 2, characterized in that the 
ionizing potential of metals composing said low melting point metal halide is from 
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5.5eV to 6.5eV. 

[CLAIM 5] The metal halide lamp according to any one of claims 2 to 4, characterized 
in that said low melting point metal halide includes at least an indium halide. 
[CLAIM 6] The metal halide lamp according to any one of claims 2 to 4, characterized 
5 in that said low melting point metal halide contains at least a gallium halide. 

[CLAIM 7] The metal halide lamp according to claim 2 or 3, characterized in that said 
low melting point metal halide is a tin halide. 

[CLAIM 8] The metal halide lamp according to claim 2, characterized in that said low 
melting point metal haUde includes at least one of an indium halide and a gallium halide, 

10 and a tin halide. 

[CLAIM 9] The metal halide lamp according to any one of claims 2 to 8, characterized 
in that a mole content ratio of said sodium halide to said scandium halide is from 1.0 to 
15, and a mole content ratio of said low melting point metal halide to said scandium 
halide is within a range from 0.1 to 10. 

1 5 [CLAIM 10] The metal halide lamp according to any one of claims 2 to 8, characterized 
in that a mole content ratio of said sodium halide to said scandium halide is from 1.0 to 
15, and a mole content ratio of said low melting point metal halide to said scandium 
halide is within a range from 0.5 to 3.0. 

[CLAIM 11] The metal halide lamp according to any one of claims 2 to 10, 
2 0 characterized in that a halogen composing said metal halide is iodine. 

[CLAIM 12] The metal halide lamp according to any one of claims 2 to 11, 
characterized in that said arc tube is driven by altemating or direct current power equal 
to or less than 50W. 

2 
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[CLAIM 13] A vehicle headlamp characterized by being equipped with said metal 

halide lamp according to claim 12. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

5 [FIELD OF THE INVENTION] The present invention relates to a metal halide lamp 
which is used as a headlamp of a vehicle like an automobile, and relates to a vehicle 
headlamp equipped with the metal halide lamp. 
[0002] 

[PRIOR ART] In a high pressure discharge lamp such as a metal halide lamp, mercury 
10 is used for purposes of promoting vaporization of luminescent materials by increasing 

temperature of an arc tube as a buffer gas and of controlling arc tube voltage, in addition 
to a purpose of emitting light from itself. However, since mercury is an environmental 
pollutant, a manufacturer skilled in the art is desired to develop an arc tube without 
employing any mercury. 
1 5 [0003] In the metal halide lamp, it is possible to realize an arc tube without containing 
any mercury (which is hereinafter referred to as a mercury-firee arc tube) because, for 
example, in a case where a xenon gas in an amount of a few atms at room temperature is 
sealed into the arc tube, heat conduction from a xenon arc with high teniperature 
vaporizes metal halides on an arc tube wall. However generally, emission efficiency in 
20 a case where the xenon gas is used as a buffer gas is decreased than that in a case of 

mercury. Also, because sealing of the xenon gas at the high charging pressure causes 
increase in voltage for starting discharge, a driving power supply needs to generate a 
start-up pulse with higher voltage. It is necessary to use parts such as a base and lead 
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wires with higher withstand voltage, so that inescapable increase in cost prevents the 
mercury-free arc tube from practical application. 

[0004] On the other hand, the xenon gas is sealed to have a pressure range from a few to 
over ten atms in the metal halide lamp used for a vehicle headlamp, in order to realize a 
5 different purpose from above, that is, an instantaneous start-up as an essential condition 
for safety. In this case, since the xenon gas forms an arc with high temperature 
simultaneously with the start-up and promotes vaporization of mercury and the metal 
halide by conducting heat to the arc tube wall, practically instantaneous light-up is 
actualized. To make instantaneous restart possible, in addition to extremely high start- 

10 up voltage of this arc tube which is approximately lOkV, the power supply generates the 
start-up pulse of 20kV or higher. Peripheral parts like a base of course take measures 
to withstand the high voltage. Therefore, with regard to the metal halide lamp for a 
vehicle, there is no factor that causes increase in cost even in a case where the xenon 
gas with the high pressure is used as the buffer gas instead of mercury. 

1 5 [0005] The inventors has already verified, as described in a previous application 

(Japanese Patent Application No. Hei. 10-336395), that the mercury-free arc tube can 
obtain equal emission efficiency to the arc tube containing mercury by means of 
properly choosing inner volume and wall thickness of the arc tube and pressure of the 
xenon gas sealed. A role of mercury in the arc tube for the vehicle use metal halide 

2 0 lamp is to control relatively small visible light emission and arc tube voltage, and to 
make up for shortage of luminous flux during a period from a start-up till the metal 
halide generates effective luminous flux. 
[0006] 
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[PROBLEMS TO BE SOLVED BY THE INVENTION] FIG. 2 is a graph showing 
emission spectrum distribution of arc tubes, and a solid line and a broken line show the 
emission spectrum distributions of a mercury-free arc tube and an arc tube with mercury, 
respectively. The arc tube, that contains sodium iodide and scandium iodide as metal 
5 halides and does not contain mercury, does not emit light in a blue-light band such as 
404nm and 435nm by mercury, so that shortage of a blue light wavelength component 
causes light to deviate from a white light range on chromaticity coordinates. 
[0007] A light source for a vehicle is required to generate 25% of rated luminous flux 
within one second after a start of discharge, and 80% of the rated luminous flux within 
1 0 four seconds after the start of discharge, but it is difficult to satisfy this requirement for 
the luminous flux, especially the requirement at four seconds, due to shortage of 
emission from mercury. 

[0008] The present invention aims to provide a practical mercury-free arc tube by 
means of mainly improving the above mentioned chromaticity and start-up 
1 5 characteristics of a metal halide lamp for vehicle use which does not contain mercury. 
[0009] 

[MEANS FOR SOLVING THE PROBLEMS] In order to achieve the above object, a 
first invention of the present invention provides a metal halide lamp that comprises a 
pair of opposite electrodes which project into a discharge space inside an arc tube, the 
2 0 discharge space including no mercury, the metal halide lamp generating an 
approximately cylindrical- shaped arc between ends of the pair of electrodes, 
characterized in that the discharge space contains a buffer gas serving as a starter gas 
which includes xenon at pressure of 7 to 20 atms at room temperature, a sodium halide 
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and a scandium halide or a halide compound of the sodium halide and the scandium 
halide, and a low melting point metal halide with a melting point equal to or less than 
400°C. Thus, it is possible to realize equal emission characteristics to a conventional 
metal halide lamp, without using any mercury which is an environmental pollutant. 
5 [0010] A second invention provides a metal halide lamp characterized in that an intemal 
diameter of the arc tube between the ends of the electrodes is larger than a diameter of 
the arc within a range from 0.6 mm to 1.7 mm, and a protrusion length of the electrodes 
into the discharge space is between 1.0 mm and 1.7 mm. Thus, it is possible to 
improve start-up characteristics of the arc tube because vaporization of the low melting 

1 0 point metal halide is promoted. 

[0011] A third invention provides a metal halide lamp characterized in that a tube axis 
of the arc tube is disposed in an approximately horizontal manner, a coldest part of the 
arc tube is positioned in the middle of a lower portion of the arc tube, and a temperature 
of the coldest part is equal to or more than 400°C in four seconds after a start of 

1 5 discharge. Thus, it is possible to generate 80% of rated luminous flux in four seconds 
after the start of discharge. 

[0012] A fourtti invention provides a metal halide lamp characterized in that the 
ionizing potential of metals composing the low melting point metal halide is from 5.5eV 
to 6.5eV. Thus, it is possible to realize fine white light emission because emission 
2 0 from the metals composing the low melting point metal halide is controlled at a period 
of stable operation of the arc tube. 

[0013] A fifth invention provides a metal halide lamp characterized in that the low 
melting point metal halide includes at least an indium halide. Thus, it is possible to 
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shorten start-up time of luminous flux of an arc tube, and also to realize fine white light 
emission because generation of light having a wavelength in a blue-light band is 
augmented at a period of stable operation of the arc tube. 

[0014] A sixth invention provides a metal halide lamp characterized in that the low 
5 melting point metal halide includes at least a gallium halide. Thus, it is possible to 
shorten start-up time of luminous flux of an arc tube, and also to realize fine white light 
emission because generation of light having a wavelength in a blue-light band is 
augmented at a period of stable operation of the arc tube. 

[0015] A seventh invention provides a metal halide lamp characterized in that the low 
1 0 melting point metal halide is a tin halide. Thus, it is possible to shorten start-up time 
of luminous flux, and also to obtain fine white light emission at a start-up period. 
[0016] An eighth invention provides a metal halide lamp characterized in that the low 
melting point metal halide includes at least one of an indium halide and a gallium halide, 
and a tin halide. Thus, it is possible to shorten start-up time of luminous flux, and also 
15 to obtain fine white light emission at both start-up and stable periods. 

[0017] A ninth invention provides a metal halide lamp characterized in that a mole 
content ratio of the sodium halide to the scandium halide is from 1.0 to 15, and a mole 
content ratio of the low melting point metal halide to the scandium halide is within a 
range from 0.1 to 10. Thus, it is possible to obtain fine white light emission because 
2 0 emission from sodium, scandium, and metals composing the low melting point metal 
haUde is in balance. 

[0018] A tenth invention provides a metal halide lamp characterized in that a mole 
content ratio of the sodium halide to the scandium halide is from 1.0 to 15, and a mole 
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content ratio of the low melting point metal halide to the scandium halide is within a 
range from 0.5 to 3.0. Thus, it is possible to obtain an improvement effect of luminous 
color by emission from metals composing the low melting point metal halide, while 
decrease in emission efficiency of visible light caused by addition of the low melting 
5 point metal halide is restricted to a minimum. 

[0019] An eleventh invention provides a metal halide lamp characterized in that a 
halogen composing the metal halide is iodine. Thus, it is possible to realize an arc 
tube with long life and fine luminous flux maintenance because corrosion of electrodes 
by the halogen is restricted to a minimum. 
1 0 [0020] A twelfth invention provides a metal halide lamp characterized in that the arc 

tube is driven by altemating or direct current power equal to or less than SOW. Thus, it 
is possible to provide the metal halide lamp having a suitable amount of light for a 
headlamp of an automobile and the like. 

[0021] A thirteenth invention provides a vehicle headlamp characterized by being 
1 5 equipped with a metal halide lamp which comprises an arc tube driven by the 

altemating or direct current power equal to or less than SOW. Thus, it is possible to 
provide the headlamp having fine emission characteristics for an automobile without 
using mercury. 
[0022] 

2 0 [EMBODIMENT OF THE INVENTION] Fig. 1 shows one of embodiments of a metal 
halide lamp 10 according to the present invention. An arc tube 1 formed of a quartz 
glass tube contains a discharge space 2 inside and has a pair of electrodes 3 which are 
made of a high melting point metal such as tungsten and are so embedded in the arc 
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tube as to project one of their ends into the discharge space 2. Foil 4 made of 
molybdenum and the like is connected by welding and the like to the other ends of the 
electrodes 3 which are on opposite sides of the discharge space 2, and lead wires 5 made 
of molybdenum and the like are connected by welding and the like to ends of the foil 4 
5 which are on opposite sides of the discharge space 2. Surroundings of the foil 4 are 
sealed in an air-tight manner and electrical conduction to the electrodes 3 can take place, 
because certain portions of the electrodes 3 excluding protrusive portions into the 
discharge space 2 and certain portions of the lead wires 5 are embedded in the quartz 
glass tube using a method like pinch sealing. 

1 0 [0023] The lead wires 5 are connected to a not-illustrated base and driving source, and 
are supplied with electrical power. The pair of electrodes 3 have the same dimensions 
and are made of the same material each other, and the driving source supplies 
alternating current to the arc tube. The discharge space 2 contains a buffer gas serving 
as a starter gas which includes a xenon gas at pressure of 7 to 15 atms at room 

15 temperature. 

[0024] When discharge commences, a high-temperature arc is formed due to the xenon 
gas, and an amount of light exceeding 25% of rated luminous flux is emitted by the 
xenon gas. In a case of the 35W arc tube for an automobile, the rated luminous flux 
required as a standard is 3200 lumens (Im), so that 25% of it is 800 lumens (Im). 
2 0 [0025] Since the luminous flux emitted directly after the start of discharge depends on 
the pressure of the xenon gas enclosed in the arc tube, 25% of the rated luminous flux 
cannot be reached when the pressure sealed is less than 7 atms at room temperature. 
When the pressure of the sealed xenon gas at room temperature is larger than 20 atms. 
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the pressure during operation of the arc tube exceeds 120 atms, and it is difficult to 
secure enough degree of safety against an upper pressure limit which is approximately 
240 atms. 

[0026] The metal halide lamp 10 of the invention includes metal halides of a sodium 
5 halide and a scandium halide or compounds thereof, and a low melting point metal 
halide with a melting point of 400°C or less. A combination of the sodium and 
scandium halides is preferred to emit white light in a highly efficient manner, as these 
materials emit light over almost the entire spectrum of visible Ught wavelengths. 
[0027] The low melting point metal halide compensates for insufficiencies in the light 

1 0 flux during a period from starting of discharge imtil the sodium and scandium 

effectively generate luminous flux by evaporating and thermally decomposing within 
high-temperature arc plasma and exciting metals to emit light. The light emitted by 
the metals rapidly gets stronger from a point of time when temperature of a coldest part 
of the arc tube has risen and reaches approximate melting points of the metal halides. 

1 5 The high-pressure discharge lamp of the invention includes the low melting point metal 
halide with a melting point of 400°C or less, so that the emission of light by the metals 
enclosed as the low melting point metal halide becomes stronger, at latest, at a stage 
where the temperature of the coldest part of the arc tube 1 reaches 400°C or less. 
[0028] The present inventors coincidentally discovered that the addition of the low 

2 0 melting point metal halide in the arc tube 1 dramatically promotes an increase in a wall 
temperature of the arc tube 1. The reason for this is thought to be that the metal halide 
thermally decomposes within the high temperature arc and dissipate surplus energy as 
heat during recombination in the vicinity of the relatively low-temperature tube wall, 

10 
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and that increase in density of metallic atoms within the arc brings increase in elastic 
collision loss of electrons, and increase in potential drop of the arc results in increase in 
input power to the arc tube under a constant current. 

[0029] Li the metal halide lamp 10 of the present invention, an intemal diameter of the 
5 arc tube 1 at a region between the opposite ends of the electrodes 3 is longer than an arc 
diameter within a range from 0.6 mm to 1.7 mm, and length by which the electrodes 3 
project into the discharge space 2 is within a range from 1.0 mm to 1.7 mm. 
[0030] With a metal halide lamp arc tube for vehicle use, the arc diameter indicates a 
range down to 20% of maximum luminance, and the arc diameter is defined to be 1.1 

1 0 mm. Li a case where the arc diameter is 1 . 1 nm[i, if the intemal diameter of the arc 
tube at the region between the ends of the electrodes 3 is smaller than 1.7 mm, a heat 
dissipation region to drop the temperature from approximate 2500°C at a high 
temperature region, which is a periphery of the arc, to approximate 1000°C, which is a 
limit of heat resistance of the quartz glass tube wall, can no longer be guaranteed. 

1 5 Therefore, since the arc is cooled by the tube wall, extent of electrical ionization is 
reduced and the arc becomes unstable and tends to unintentionally disappear. The 
quartz glass tube wall is therefore subjected to overheating, so that a chemical reaction 
between the metal halide and the quartz glass tube wall is activated, and evaporation of 
silica causes devitrification or melting of the arc tube itself. 

2 0 [0031] When the intemal diameter of the arc tube 1 is larger than 2.8 mm, because the 
arc is largely deformed upward due to the counteractive effects of gravity operating on 
the arc, and the temperature of the coldest part at a lower portion of the arc tube 1 falls, 
a rapid rise in evaporation pressure is no longer desired even if the low melting point 
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metal halide are employed. 

[0032] The arc diameter can be controlled using the pressure of the xenon gas, halogen 
partial pressure, input power of the arc tube 1 and the like, and a similar effect can be 
obtained even when the appropriate diameter for the arc is other than the above, by 
5 making the intemal diameter of the arc tube larger than the diameter of the arc within 
the range from 0.6 mm to 1.7 mm at the region between the ends of the opposite 
electrodes 3. 

[0033] When the electrodes 3 project into the discharge space 2 by a distance of less 
than 1.0 mm, the proportion of electrons lost, which are emitted from the electrodes 3 

1 0 and dispersed in a direction of the tube wall, becomes large, and discharge becomes 
unstable. When the electrodes 3 project more than 1.7 mm, the temperature in the 
vicinity of the embedded portions of the electrodes 3 in the quartz glass tube wall faUs, 
so that the metal halide is therefore deposited on these portions, and rapid evaporation 
of the metal halide does not occur. 

1 5 [0034] In the metal halide lamp 10 of the present invention, the temperature of the 

coldest part of the arc tube is made to be 400°C or more within four seconds from a start 
of discharge, and a luminous flux exceeding 80% of the rated luminous flux can be 
successfully emitted by optimizing the combination of the xenon gas and metal halides 
and optimizing both the intemal diameter of the arc tube 1 and the length of the 

2 0 electrodes 3 projecting into the discharge space 2. 

[0035] By selecting metal composing the low melting point metal halide with its 
ionizing potential being in a range of 5.5eV to 6.5eV, emission from metal composing 
the low melting point metal halide can be properly attenuated, in order not to hinder 

12 



41846-5041,G00-1US 
JPAppl. No. 11-180285 

highly efficient emission of light smce emission from the sodium and scandium start 
due to the increase in temperature of the arc tube. This is because a phenomenon is 
utilized in which, when plural gas atoms or molecules with different ionizing potential 
are present, the atoms or molecules with the small ionizing potential are actively ionized 
5 and recombined, or excited and recombined, and thermal energy of the arc plasma is 
converted to and emitted as light, whereas it is relatively difficult to make atoms or 
molecules with the high ionizing potential emit light. 

[0036] It is preferable that the ionizing potential of the metal composing the low 
melting point metal halide is between that of sodium (5.14eV) and scandium (6.54eV) 

10 in order to emit a certain amount of light when the arc tube 1 is operating in a stable 

manner, and more preferably the ionizing potential from 5.5eV to 6.5eV is appropriate. 
Both of indium (5.79eV) and gallium (6.00eV) satisfy this condition. 
[0037] Chlorine, bromine, and iodine can be selected for use as a halogen which malces 
up the metal halide, but iodine, which causes the least corrosion to metal materials such 

15 as tungsten of which the electrodes are formed, is the most appropriate. Indium or 
gallium is particularly preferred as a metal for the low melting point metal halide. 
Indium emits light at wavelengths of 410nm and 451nm, and gallium emits light at 
wavelengths of 403nm and 417nm, so that it is possible to make emission in the blue 
waveband stronger to improve emission characteristics. 

2 0 [0038] These iodides have a melting point of 359°C for indium iodide, and 214°C for 
gallium iodide, and evaporate in the start-up period, so that these iodides are preferred 
to increase the initial luminous flux. However, there is a tendency for scandium 
emission, where the ionizing potential is relatively high, to be hindered when a large 

13 
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amount of indium iodide or gallium iodide is added, thus the amount of addition is 
restricted. 

[0039] A tin iodide has a melting point of 320°C and a continuous spectrum that is 
emitted over the entire visible range, so that a superior emission of white light can be 
5 obtained in the start-up period of the arc tube 1, However, the tin iodide also emits a 

r 

molecular emission spectrum that extends into an infra-red band, so that an amount of 
addition is restricted because if a large quantity of tin iodide is added, an emission 
efficiency of visible light decreases. 

[0040] With regard to a composition of the metal halides in the metal halide lamp of the 
1 0 invention, a mole ratio of sodium halide to scandium halide can be from 1.0 to 15, and a 
mole ratio of low melting point metal halide to scandium halide can be from 0.1 to 10, 
or more preferably, the mole ratio of low melting point metal halide to scandium halide 
is within a range from 0.5 to 3.0. 

[0041] It is well known that when, for example, iodine is used as the halogen, the 
1 5 sodium iodide and the scandium iodide form a halide compound (NaScl4) and vapor 

pressure is remarkably increased. As a result, almost all vapor containing sodium and 
scandium, which is created during the operation of the arc tube 1, generates the above- 
mentioned halide compoimd. A minor amount of scandium halide content is therefore 
very important, but a certain range of sodium halide content is permissible. 
2 0 [0042] When the mole ratio of sodium halide to scandium halide is less than 1, a partial 
pressure of sodium within the arc falls and emission color takes on a blue hue. 
Conversely, when the mole ratio is larger than 15, a large amoimt of sodium halide 
remains unvaporized on the tube wall during operation of the arc tube 1, and shielding 
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and scattering of light cause unevenness in light distribution of the light source and a 
decrease in emission efficiency. 

[0043] When the mole ratio of low melting point metal halide to scandium halide is less 
than 0.5, the start-up characteristics and the emission color are not sufficiently improved. 
5 When this mole ratio is larger than 3.0, light emitted by the metal composing low 

melting point metal halide becomes predominant, so that emission color deviates from 
the desired color range and the emission efficiency of visible light noticeably drops. 
[0044] When the metal halide lamp 10 of the iavention is employed as a light source in 
a vehicle headlemip, it is preferable to be driven by an alternating or direct current 
1 0 power of SOW or less. The present invention has an advantage in that the metal halide 
lamp 10 seldom causes a light color separation problem, in which different colors are 
emitted in the vicinity of an anode and a cathode when the arc tube 1 is driven by direct 
current, because there is no mercury in the lamp. 

[0045] The metal halide lamp of the present invention also has several additional 

1 5 advantages besides the above. 

[0046] First, when the indium iodide (Inl) or the tin iodide (Snl^ is used as the low 
melting point metal halide, a free halogen capturing effect occurs. The scandium 
halide emits a large number of line spectra in the visible wavelength and is therefore 
superior as a material for emitting visible light, but also reacts with the quartz glass of 

2 0 the arc tube 1 to produce scandium silicate and free halogen. When the arc tube 1 

contains mercury, the free halogen reacts with the mercury to produce a mercury halide, 
but in the mercury-free arc tube the halogen remains as is. Electrons easily attach to 
the halogen, and when there is an excessive amount of halogen, this causes the start-up 

15 
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voltage of the lamp to rise, and making the discharge unstable. The free iodine can be 
removed by the indium iodide (Inl) and the tin iodide (Snl^) reacting with the free 
iodine so as to form molecules of Inl^.g and Snl3^ with large oxidation numbers. Thus, 
the aforementioned start-up and stability problems can be resolved. 
5 [0047] Second, another advantage of the invention is improvement in durability of 
sealed portions of the arc tube. As shown in FIG. 1, in the rod-shaped electrodes 3 
made of tungsten and the like, their certain portions on sides connected to the metal 
foils 4 are embedded in the quarts glass, but the metal like tungsten does not completely 
fit the quartz glass due to difference in their thermal expansion, and a slight gap 

1 0 therefore occurs. Since the gap is at a lower temperature than the discharge space 2 
within the arc tube 1, luminescent materials permeate into and then solidify. In the 
case of prior art mercury metal halide lamp, mercury permeates into this gap when the 
arc tube 1 is extinguished, and the mercury then vaporizes due to a rapid rise in 
temperature when the arc tube 1 is turned on, so that extremely large pressure is created 

15 in the gap. When the arc tube 1 is repeatedly tumed on and off, cracks can occur in the 
quartz glass portion because of the extremely large pressure repeatedly occurring in the 
gap as described above, and leaks, which cause the metal halide lamp to no longer 
illuminate, may occur in the arc tube. 

[0048] In the case of the arc tube 1 which contains the sodium iodide and the scandium 
2 0 iodide and no mercury, an iodide compound of the sodium and the scandium, which 
have the relatively low melting point, permeates into the gap. Because the vapor 
pressure of this halide compound is much smaller than that of mercury, and the halide 
compound therefore remains in the gap either in solid or liquid form when the arc tube 1 
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is illuminated, the dramatically large pressure is not generated, and the occurrence of 
cracks in the quartz glass portion is therefore prevented and the durability of the sealed 
portions of the arc tube is improved. 

[0049] However, as described above, an amount of the iodide compound greatly 
5 influences the emission characteristics of this type of arc tube 1, and it is not preferable 
that the halide compound permeates into the gap. 

[0050] In the present invention, since the low meltiag point metal halide is added in 
addition to the sodium and scandium halides, the low melting point metal halide enters 
into the gap first and suppresses entry of the halide compound into the gap. The 
1 0 indium iodide and the tin iodide have higher vapor pressure than the halide compound 
of sodium and scandium, but do not generate the extremely large pressure like mercury. 
Thus, the metal halide lamp of the present invention improves the durability of the 
sealed portions. 

[0051] Third, luminous flux maintenance of the arc tube is also improved. In the arc 
1 5 tube 1 containing the sodium and scandium halides, a relatively large drop in the 

luminous flux occurs at approximately 100 hours from a start of illumination. The 
principle causes of this are as follows: a reduction in an amount of scandium 
contributing to emission of light due to the scandium halide and the quartz glass 
reacting to produce scandium silicate; a suppression of the emission of light at the edges 
20 of the arc due to free electrons attached to simultaneously created free halogens; and a 
reduction in the halide compoimd contributing to the emission of light due to the halide 
compound entering into the gaps in the electrodes embedded portions, but according to 
the present invention, the luminous flux maintenance is remarkably improved because 
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generation of the free halogens and entry of the halogen compound into the gaps in the 
electrodes embedded portions are suppressed. 

[0052] Fourth, addition of the low melting point metal halide raises the arc tube voltage 
in the metal halide lamp according to the present invention. As described above, the 
5 reason for this is considered to be that elastic collision loss of the electrons is increased 
due to an increase in the atomic density of metal within the arc and thus the voltage 
drop of arc is increased. It is possible to make the arc tube current smaller because of 
rise in the arc tube voltage, and deterioration of the electrodes is suppressed, so that the 
luminous flux maintenance is remarkably improved. Also loss of driving power 
1 0 caused by the generation of heat is suppressed, so that the present invention is effective 
in miniaturization and cost reduction of the power supply. 
[0053] 

[EMBODIMENT] An arc tube which has an identical shape to the arc tube shown in 
FIG. 1 is manufactured with xenon gas at pressure of 10 atms at room temperature, 

1 5 sodium iodide, scandium iodide, and indium iodide enclosed inside. A mole ratio of 
sodium iodide to scandium iodide is 8.5, and a mole ratio of indium iodide to scandium 
iodide is 2.0, and a total of 0.5mg of metal halides are contained in the arc tube which 
has a content volume of 23fil. An internal diameter of the arc tube in a region between 
a pair of opposite electrodes is a minimum of 2.1 mm and a maximum of 2.3 mm, and is 

2 0 larger than an arc diameter of 1.1 mm in a range from 1.0 to 1.2 mm. The ends of the 
electrodes project into a discharge space by a distance of 1.6 nmi, and the distance 
between the ends of the electrodes is 3.8 mm. 

[0054] FIG. 3 shows spectral distribution of light emitted by the arc tube according to 
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this embodiment. A continuous spectrum of indium appears on a short wavelength 
side, and a continuous spectrum of sodium and a multi-line spectrum of scandium are 
combined on a long wavelength side, so that the ideal spectral distribution of light can 
be obtained for a white light source. When an input po\yer to the arc tube is 35W, total 
5 luminous flux is 2950 lumens, emission efficiency of visible light is approximately 84 
lumens/watt, the average color rendering evaluation number Ra is 74, CIE chromaticity 
coordinates are x=0.352 and y=0.338, and correlated color temperature is 4650K. 
[0055] FIG. 4 shows luminous flux start-up characteristics during a start-up period of 
the arc tube. Of two characteristic curves shown in FIG. 4, a curve "A" shows the 

10 luminous flux start-up characteristic for the arc tube of the embodiment according to the 
present invention, and a curve "B" shows the luminous flux start-up characteristic for 
the arc tube configured identically with the arc tube of the above embodiment, with 
exception that the low melting point metal halide is not contained. It can be seen from 
FIG. 4 that addition of the low melting point metal halide increases the luminous flux in 

15 the period from three to fifteen seconds after start-up, and can provide the sufficient 
luminous flux start-up characteristic for practical use. 

[0056] Arc tube voltage of the arc tube "A" during stable operation is 44.1V and current 
is 0.79A, while the voltage of the arc tube "B" is 27.3V and the current is 1.28 A, and 
start-up of the luminous flux is promoted during the start-up period in both cases by 
2 0 applying maximum current of 2,6A. 

[0057] FIG. 5 is a graph in which start-up temperature of the coldest part at the lower 
part of the arc tube is measured with using the same samples as FIG. 4. The rise in 
temperature of the tube wall of the arc tube "A" containing the low melting point metal 
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halide is conspicuously quicker than that of the arc tube "B" without containing any low 
melting point metal halide. In comparison with FIG. 4, it can be seen that the arc tube 
"A", which contains the low melting point metal halide with a melting point of 400°C 
or less, emits the sufficient luminous flux at and after four seconds when the tube wall 
5 temperature exceeds 400°C, although the arc tube "B" starts emitting the sufficient flux 
after approximately fourteen seconds when the tube wall temperature becomes 600°C or 
more at which the sodium and scandium iodide compounds melt. The addition of a 
low melting point metal halide has two functions, that is, to generate the luminous flux 
at the relatively low tube wall temperature and to promote increase in temperature of the 
1 0 tube wall, and these functions act together to realize a rapid start-up of the luminous 
flux. 

[0058] FIG. 6 is a graph showing a relationship between the projection length of the 
electrodes and the luminous flux at four seconds from a start of discharge for an arc tube 
having the same configuration as that of the above embodiment, with the exception that 
1 5 the distance of the ends of the electrodes projecting into the discharge space differs. 
The start up luminous flux can be improved when the projection distance of the 
electrodes into the discharge space is 1 .7 mm or less. 

[0059] The above embodiment described in detail incorporates an indium halide in the 
arc tube, but similar results can be obtained by adding a gallium halide or a tin halide. 
2 0 [0060] It is also possible to drive the metal halide lamp of the present invention by 
direct current with modifying design of the electrodes. 

[0061] FIG. 7 is a longitudinal sectional side view of a headlamp 11 in a case where the 
metal halide lamp 10 of the present invention is employed as a light source for the 
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headlamp 11 of a vehicle such as an automobile. In the headlamp 11, light from the 
metal halide lamp 10 located on a horizontal axis Z is reflected by a reflector 12 and 
then illuminates an area ahead of the automobile through a front outer lens 13. An 
inner lens 14 in an approximately vertical position refracts light from the reflector 12 
5 downwards and diffuses it rightwards and leftwards, and when the inner lens 14 is in the 
approximately vertical position the headlamp 11 is in a low beam mode illuminating a 
near area ahead of the automobile, and when the inner lens 14 rotates upwards to an 
approximately horizontal position the headlamp 11 is in a high beam mode illuminating 
a far area ahead. 
10 [0062] 

[EFFECT OF THE INVENTION] A metal haUde lamp according to the present 
invention can realize equal emission characteristics to a conventional metal halide lamp 
without employing any mercury which is an environmental pollutant. The present 
invention can especially solve problems which occur in association with disuse of 
1 5 mercury, such as insufficiency of luminous flux at start-up periods and a problem in 
color of emitted light. 

[0063] Addition of a low melting point metal halide to the metal halide lamp of the 
present invention brings about various advantages such as the remarkable improvement 
of start-up, discharge stability, luminous flux maintenance characteristics, durability of 
2 0 sealed portions of an arc tube, and electrical characteristics of the arc tube. 
[BRIEF DESCRIPTION OF DRAWINGS] 

[FIG.l] FIG. 1 is a longitudinal sectional side view showing an embodiment of a metal 
halide lamp according to the present invention. 
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[FIG.2] FIG. 2 is a graph showing spectral distribution of light emitted from a mercury- 
free arc tube and from an arc tube with mercury. 

[FIG.3] FIG. 3 is a graph showing spectral distribution of light emitted from an arc tube 
which is the embodiment of the metal halide lamp according to the present invention. 
5 [FIG.4] FIG. 4 is a graph showing luminous flux start-up characteristics at a start-up 
period of the arc tube which is the embodiment of the metal halide lamp according to 
the present invention. 

[FIG.5] FIG. 5 is a graph showing temperature start-up characteristics of a coldest part 
at a lower part of the arc tube which is the embodiment of the metal halide lamp 

1 0 according to the present invention. 

[FIG.6] FIG. 6 is a graph showing relationship between projection length of electrodes 
and the luminous flux at four seconds after a start of discharge, in the arc tube which is 
the embodiment of the metal halide lamp according to the present invention. 
[FIG.7] FIG. 7 is a longitudinal sectional side view of a vehicle headlamp equipped 

1 5 with the metal halide lamp according to the present invention. 
[DESCRIPTION OF REFERRENCE NUMERALS] 

1 arc tube 

2 discharge space 

4 foil 

2 0 5 lead wire 

10... metal halide lamp 
11... vehicle headlamp 
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[DOCUMENT NAME] WRITTEN ABSTRACT 
[ABSTRACT] 

[OBJECT] In a conventional high pressure discharge lamp such as a metal halide lamp, 
mercury is used for purposes of promoting vaporization of luminescent materials by 
5 increasing temperature of an arc tube as a buffer gas and of controlling arc tube voltage, 
in addition to a purpose of emitting light from itself. However, since mercury is an 
environmental pollutant, a manufacturer sldlled in the art is desired to develop an arc 
tube without using any mercury. 

[SOLVING MEANS] The present invention mainly aims to provide a practical arc tube 
1 0 without containing mercury and a vehicle headlamp having a metal halide lamp with 
this arc tube, by means of improving the above mentioned chromaticity and start-up 
characteristics, and the present invention promotes vaporization of a low melting point 
metal halide in order to improve the start-up characteristics of the arc tube. 
[SELECTED DRAWING] Fig. 1 

/ 
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[DOCUMENT NAME] Drawings 
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Fig. 6 

Luminous Flux After Four Seconds 
Protrusion Length of Electrode 



24 



